Study objective: We examine the association between emergency physician characteristics and practice factors with the risk of being named in a malpractice claim.
INTRODUCTION Background
Emergency medicine is a specialty with high malpractice risk because of the undifferentiated patient population and limited time and resources to manage acutely ill and injured individuals. Emergency physicians are likely to be involved in malpractice claims; more than 75% of emergency physicians will be named in a malpractice claim at some point in their career. 1 On average, physicians spend 50.7 months of their career involved in litigation. 2 To help reduce risk, 9 in 10 physicians report overusing or overordering tests or procedures, termed defensive medicine, which costs an estimated $46 billion annually in the United States. 3, 4 Importance A malpractice claim can negatively affect a provider through anxiety, depression, and even thoughts of suicide, referred to as medical malpractice stress syndrome. 5 Identifying factors associated with greater malpractice risk could help improve physician well-being. Although patient experience data, years in practice, and practice location have been studied in isolation or outside of emergency medicine with respect to malpractice claims, limited data exist on the effect of emergency physician and practice factors in combination on malpractice risk. [6] [7] [8] Identification of such factors may inform how emergency physicians practice, the environments in which they choose to work, and how to approach reducing malpractice risk. 
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Editor's Capsule Summary
What is already known on this topic A majority of emergency physicians will be involved in malpractice litigation during their careers, causing professional stress.
What question this study addressed
What measurable elements of physician practice and departmental environment are associated with risk of being named in a malpractice suit?
What this study adds to our knowledge Being named in a suit appears to be mostly a random event associated with degree of exposure. The only variables associated with increased likelihood were years in practice and number of patients treated.
How this is relevant to clinical practice
Malpractice risk is an inherent element of emergency medicine practice. Practicing good medicine and caring about the patient likely remains the best approach.
Goals of This Investigation
We evaluate the association of commonly measured emergency physician and practice factors with the risk of being named in a malpractice claim.
MATERIALS AND METHODS Study Design and Setting
We performed a retrospective cross-sectional study using data from a national emergency physician group that managed 87 emergency departments (EDs) (including 3 Level I trauma centers and 12 with emergency medicine residents) in 15 states during the study period (January 1, 2010, to June 30, 2014) (Appendix E1, available online at http://www.annemergmed. com). Because hospital contracts can change over time, the number of facilities varied between 51 and 65 for any given month. This physician group also maintained its own risk-retention program that recorded all malpractice claims during the study period. Data on malpractice claims were downloaded on September 30, 2015, to ensure complete availability of the provider, operational, and jurisdictional variables evaluated in the study. Visit characteristics, including Current Procedural Terminology Evaluation and Management and Procedure codes and relative value units (RVUs) generated, were abstracted by trained billing specialists. During this period, billing specialists were required to have or acquire relevant certification(s) between their second and third employment year, with ongoing training, auditing, and external evaluation. The group also maintains a demographic and credentialing database of all physicians. Physicians' clinical hours were tracked electronically (Tangier; Sparks, MD). Patient experience data (Press Ganey Associates Inc., South Bend, IN) were linked to physicians monthly. The study was approved by the Carnegie Mellon University Institutional Review Board.
Selection of Participants
We included emergency physicians with at least 4 consecutive months of practice data and working in a nonpediatric ED (mean patient age >18 years). To ensure that our results were not contaminated by idiosyncratic physician patterns and observed practice stability, we explored the monthly RVUs per hour for each physician. Starting with each physician's first appearance in the data set, we calculated the monthly RVUs per hour for each of the first 6 months of physician data. We compared RVUs per hour for each month with the previous month by using the paired t tests and Wilcoxon signed-rank tests when appropriate. Because month-to-month changes in RVUs per hour did not differ after the third month, this suggested that 4 months of practice was sufficient to allow time for provider acclimatization to the practice environment and assessment of practice patterns related to malpractice risk. Pediatric EDs may have different malpractice risks than general, nonpediatric EDs; therefore, pediatric EDs were excluded.
Methods of Measurement
We modeled variables theoretically related to malpractice risk according to previous work and through the authors' consensus. [1] [2] [3] [4] [5] [6] [7] These variables included provider and operational factors, as well as assessment of the malpractice risk based on the state malpractice environment of the ED (described in detail below). Provider factors included years in practice, defined as the number of years (days/365.25) between residency completion (not counting fellowship training) and the median study period date (March 31, 2012), board certification (American Board of Emergency Medicine or American Osteopathic Board of Emergency Medicine), and majority night practice (>50% of clinical hours between midnight and 6 AM during the period the physician was in the data set). Operational factors at the physician level included median monthly RVUs generated per hour (RVUs/ patientÂpatients/hour), which is a composite measure for patient acuity and volume; data on patient experience (median monthly physician Press Ganey percentile); median monthly physician admission rate (a risk tolerance and patient acuity marker) 1, 9 ; total patients treated as the attending physician of record; and working in multiple EDs (more than 20% of clinical hours at >1 site). The latter was included because less familiarity with local operating policies may occur when physicians work in multiple EDs. RVUs were those attributed to the attending physician of record. We did not include visits in which RVUs were not attributed to an attending physician (eg, patients treated only by an advanced practice provider). Total visits were defined as the cumulative number of patients treated by the physician as the attending of record during the study period.
Data from the 2014 American College of Emergency Physicians report card on the emergency medicine malpractice environment were also included. 10 This report evaluated US states on multiple factors, including the malpractice environment, and assigned a grading system, A being the best score and F being the worst. The malpractice environment assessment included consideration of standards for certifying and judging malpractice claims, limitations or lack thereof on monetary damages, and legislative or regulatory tort reform, among other factors. We chose to evaluate whether perceived above-average medical malpractice liability environment, compared with perceived average or below-average environment, was associated with reduced odds of being named in a malpractice claim. We therefore collapsed medical liability environment categories (grades A and B and grades C, D, and F) according to the modal ED for each physician during the study period (Appendix E1, available online at http://www.annemergmed.com).
Outcome Measures
The outcome measure was the physician being named in any (ie, one or more) malpractice claim filed according to visits occurring during the study period (January 1, 2010, to June 30, 2014) regardless of claim disposition, under the captive risk retention program of the national physician group. We included all claims filed during the study period regardless of disposition (ie, whether it was settled, dismissed, or adjudicated in favor of the plaintiff or defendant).
Primary Data Analysis
We used logistic regression to estimate the association between a physician's being named in a malpractice claim and included factors. Multicollinearity among variables was assessed with variance inflation factors. We computed a variance inflation factor for each coefficient in the logistic regression equation, and multicollinearity was not detected. We used the Hosmer-Lemeshow statistic to assess goodness of fit (Table 1) . We estimated cluster robust standard errors, which correct for heteroscedasticity and correlation between physicians working in the same ED.
We also conducted several sensitivity analyses. Because of the low frequency of malpractice claims, we used Firth's penalized likelihood logistic regression for comparison to reduce potential bias when analyzing rare events. We also evaluated potential interaction terms for the included factors. Various definitions of years in practice were also tested (to the end of the study period and to the end of physician appearance in the data set).
A challenge with a cross-sectional study such as this is that physicians enter and exit the data set at different points in the study period. To address this, we also examined the variables of years in practice and number of patients treated to assess for length-biased sampling.
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This analysis showed no evidence of length-biased sampling for years in practice and inconclusive results for number of patients treated. However, using visits per year would control for the potential latter bias. By standardizing all physicians' visits to a specific unit of time, we were able to control for the potential bias caused by being in the sample for a longer period than other physicians. Replacing total visits seen with visits per year in the logistic regression model yielded results equivalent to those reported below, suggesting that length bias was not a problem in the data set.
Malpractice claims may also have affected the rate at which providers exit the physician group, as well as the database. There is a potential that physicians who were named early in practice dropped out of the specialty and were lost from the data set, making it appear that longer practice led to more claims. To account for this, we also compared the rate of providers who dropped out of the data set between those named and those not named in a claim. Because it can take time from an index visit until a malpractice claim is filed, we ran a sensitivity analysis excluding providers with less than 2 years of experience. To address the extremes in number of patients treated by physicians depending on supervised personnel (eg, physician assistants or residents) and time in practice, we also ran a sensitivity analysis excluding both highand low-volume (top and bottom 1%) providers. All analyses were completed with R statistical software (version 3.3.1) and Stata (version MP 14; StataCorp, College Station, TX).
RESULTS
Characteristics of Study Subjects
There were 9,477,150 ED patients treated by 1,029 emergency physicians (711 men and 318 women) from 87 EDs who met inclusion criteria; 90 included emergency physicians were named in 98 malpractice claims during the study period. No physician was named in more than 2 malpractice claims during the study period. Overall, the mean duration for providers within the data set was 31 months (minimum 5, maximum 54), 29.8 (minimum 5, maximum 54) for those not involved in a claim and 43.2 (minimum 7, maximum 54) for those involved in one. Total patients treated and total number of years in practice were higher among physicians named in a claim (Table 1) . Although many providers were new to the practice of emergency medicine ( Figure E1 , available online at http:// www.annemergmed.com), the mean practice duration was 11.8 years (SD 9.4) for those not named in a claim compared with 15.7 years (SD 9.2) for those named in one. Supplemental analyses that excluded physicians early in their career and the extremes of volumes of visits in practice showed that the results did not appreciably change (Appendices E2 and E3, available online at http://www. annemergmed.com). 
Main Results
Of the 9 independent variables, only increasing total number of years in practice (adjusted odds ratio 1.04 per year; 95% confidence interval 1.02 to 1.06) and total patients treated as the attending physician of record (adjusted odds ratio 1.09 per 1,000 visits; 95% confidence interval 1.05 to 1.12) were associated with being named in a malpractice claim (Table 1) . When data were stratified by visit volume, there was a direct relationship between visit volume and malpractice risk that increased with increasing years in practice (Figure) . No interaction terms were significant, and the results were similar in all sensitivity analyses conducted with the various definitions of years in practice described above. Dropout rates from the data set during the study period were similar between those named in a claim (34/90; 37.8%) and those not named in one (416/939; 44.3%). The results did not change with the sensitivity analyses of removing physicians with less than 2 years of experience or extremes of volume of patients treated in practice (Appendices E2 and E3, available online at http://www.annemergmed.com). "Other" includes claims involving integument/wounds (n¼7), genitourinary (n¼4), otolaryngology (n¼2), endocrine (n¼2), psychiatry (n¼2), blood/lymphatic (n¼1), and other malpractice claims not related to specific organ systems such as issues about patient confidentiality (n¼3).
Figure. Predicted probabilities of a physician being named in a malpractice claim by years in practice and total number of visits. Points represent the probability of being named in a malpractice claim as predicted by the logistic regression model for the 1029 physicians in this study. Lines represent the predicted probabilities holding other independent variables constant at average or most common value. Number of visits and years in practice (starting at <1 year, represented as 0) are reported as median values during the study time period.
LIMITATIONS
Our study findings were limited to assessing malpractice claims filed during the study period. Included physicians may have had malpractice claims before or subsequent to the study period, which may have led to misclassification of the primary outcome. Despite examination of more than 9 million ED visits, the number of malpractice claims was small (a rate of z1 claim/100,000 ED visits), and the percentage of physicians involved in a claim per year (90 providers out of 1,029 during 4.5 years, or z2%) is lower than other national estimates (7% to 8%). 1 Therefore, small changes in the number of claims could alter these results. However, we performed multiple sensitivity analyses to verify the validity of our results.
Given the lag between the relevant ED visit and the malpractice claim filing date, provider, operational, and jurisdictional factors used in the study may have changed. In addition, we did not include variables that may theoretically be related to risk of a malpractice claim, such as physician age, sex, race, or diagnostic test use. In our data, physician age, as expected, was highly correlated with years in practice, and total hours worked by a physician was correlated with total patients treated (correlation coefficient r¼0.91; 95% confidence interval 0.89 to 0.92) ( Figure E2 , available online at http://www.annemergmed.com). Because we believe years in practice to be more telling in regard to the risk of being named in a malpractice claim owing to increased exposure, and in an effort to restrict the number of predictor variables, we elected to use years in practice instead of physician age. For a similar reason, we chose to use total patients treated rather than total hours worked by a physician. We also did not measure patient factors that could have increased the risk of a claim, such as age, insurance status, and race. [6] [7] [8] There were a small number of providers (n¼8) who were involved in more than one claim during the study period. Given this small number and that previous work has described characteristics of physicians involved in multiple claims, we did not further categorize this group. 7 Further research examining larger pools of emergency physicians involved in multiple malpractice claims may help to better characterize this population.
Our results come from a single national emergency medicine group. However, this group does not staff hospitals in all states. Therefore, the malpractice risk may differ in areas not examined in our study. Also, this group strives to employ board-certified physicians (certified by the American Board of Emergency Medicine or American Osteopathic Board of Emergency Medicine), with more than 80% being certified in our data set. Future work is needed to examine malpractice claims against non-boardcertified emergency physicians. However, in this sample, board certification or lack thereof was not associated with malpractice risk.
Because of the number of outcomes, we included only a limited number of predictors in the model. A priori, we chose factors we believed to be conceptually related to malpractice claims and potentially modifiable by emergency physicians or emergency medicine groups. To include factors we thought were important, we dichotomized multiple variables, which may limit the predictive ability of these variables to account for nonlinear relationships with malpractice risk. This is especially true for the state malpractice environment. Given the multiple factors that are included in a state's emergency medicine malpractice environment, further work should evaluate the effect of specific legal environment factors on the incidence of malpractice claims in larger data sets where there is broader representation of state jurisdictions.
In addition, we did not have granular malpractice claim data to evaluate the role of supervision of either advanced practice providers or residents in the included malpractice claims. Appendices E4 and E5 (available online at http:// www.annemergmed.com) provide a description of the supervisory status of the EDs from which claims originated in this study and their general operational characteristics. However, the important question of the role of supervision should be further explored in larger-scale studies.
Finally, our analysis evaluated only the association of the included independent variables with malpractice claims as opposed to malpractice claim dispositions. Given the limited number of included physicians with claims, evaluating associations with claim dispositions separately was limited. However, we present the results of this association in Appendices E6 and E7 (available online at http://www.annemergmed.com). Consistent with our primary analysis, higher visit volume continued to be an associated factor in both of these models and total years in practice in the dismissed or defense verdict model. However, the nature of the relatively small sample size of emergency physicians named in a malpractice claim will require further study of this issue.
DISCUSSION
Among more than 1,000 emergency physicians during a 4-and-a-half-year period, increasing years in practice and higher visit volume as attending physician of record were the only factors we found to be associated with increased risk of being named in a malpractice claim. Factors conceptually associated with malpractice risk, such as practice intensity, board certification, predominant night or multi-ED practice, higher admission rates, patient experience assessment, and practice environment, were not found to be predictors.
Our findings have important implications for emergency physicians, their practice organizations, and advocacy efforts. Errors and poor outcomes can occur in medical care, and the ED is a high-risk environment because of the nature of the practice, high volumes, visit acuity, and lack of previous patient relationships. Yet only a small proportion of visits ever leads to a malpractice claim. Of those, only a subset are true adjudicated or acknowledged breaches in the standard of care. In many claims, outcomes may not be preventable errors or can be attributed more directly to other factors outside of the physicians' control. In our sample, the majority of claims were dismissed (although we do not know at what stage), and less than 1 in 20 led to plaintiff verdicts. Therefore, being named in a malpractice claim may not be an indicator of practice quality.
However, increasing total number of years in practice was associated with higher rates of malpractice claims, with the odds increasing 4% per year in practice. This means that a physician in practice for 20 years is at considerably higher risk of a malpractice claim than a physician who has been out of residency only a few years. This finding did not disappear despite many adjustments, including practice volume, as can be seen in the Figure. We were unable to determine a reason for this finding other than increased exposure to patients over time. No other factors, including measures of practice style (ie, admission rate and Press Ganey scores) or training (ie, board certification), or methodologic adjustments explained the finding. Conceptually, several factors may theoretically underlie the association between total years in practice and increased odds of being named in a malpractice claim, such as changes in emergency medicine training over time and how emergency physicians obtain continuing medical education after residency training is complete. Further investigation is warranted to better understand this effect.
Practice volume also raised the marginal risk of a malpractice claim. This makes sense in that every additional patient represents an additional exposure to a clinical event that could trigger a malpractice claim. There were providers in the data set who experienced a greater number of visits during the 4-and-a-half-year study period (>30,000 patients). If these providers work an average of 1,800 hours per year, then some would be averaging treatment of nearly 4 patients per hour. Although for an individual provider this may be challenging, it is possible to have this pace when treating patients in conjunction with other providers, including advanced practice providers or residents. In accordance with the data set, we were unable to identify whether these patients were treated primarily by the attending physician or in conjunction with residents or advanced practice providers. In contrast, there were some physicians who experienced relatively few visits. To account for this, we reran the analysis after removing both the highand low-volume physicians (top and bottom 1%) and, as noted above, found no change in our results.
The finding that patient experience data were not associated with being named in a malpractice claim is noteworthy because previous work has linked higher patient complaints about communication to malpractice; however, this has not been studied specifically in emergency physicians. 6, 8 The lack of an association may be due to poor reliability and validity of patient experience data themselves, which are driven by small numbers of responses and, more important, nonrepresentative samples (ie, poor response rates in ED experience surveys). Alternatively, better-quality communication may not affect malpractice risk, possibly because of the limited relationship and relatively brief interaction with an emergency physician. Similarly, admission rates were also not associated with malpractice (ie, risk-averse providers may admit patients more frequently); therefore, lowering the admission threshold to reduce malpractice risk may not be an effective strategy. 1, 12, 13 In addition, other potential indicators of practice quality (ie, board certification), practice pattern (ie, high intensity [RVUs/hour]), or predominantly night or multifacility practice were similarly not important predictors of malpractice risk. However, further study and replication of our results should be considered.
We also found, within the limitations of the states from which we could draw data, no association between state malpractice environment, defined by the American College of Emergency Physicians' classification system that takes into account factors related to how malpractice claims are certified and the standard for their judgment in court, and the risk of a malpractice claim. 10 Although tort reform has been suggested as a means of reducing defensive medicine, it does not affect practice patterns of ED providers, including admission rates. 9 Our results add to these data, suggesting that national efforts to help mitigate malpractice risk in emergency medicine may need to consider other approaches.
In conclusion, increasing years in practice and total visit volume seen as attending physician of record were associated with increased odds of being named in a malpractice claim. Other physician and practice factors previously believed to be associated with malpractice claims were not associated with increased risk. Appendix E2. Adjusted odds ratios in multivariate logistic regression for outcome measure of being named in one or more malpractice claims after removal of physicians with less than 2 years of experience. APP, Advanced practice provider (physician assistant or nurse practitioner). *Teaching hospital defined as having at least one sponsored graduate medical education program, a subset of which are emergency medicine residency sites. † Data not available for 1 facility in New York associated with 2 claims. The physicians were working primarily at other facilities in New York and Ohio when the claims were filed.
